-Stratigraphic cross-section through the Western Canada Sedimentary Basin Mannville Group and correlatives within the foredeep farther west. Assiniboia paleovalley as labeled, whereas inset map shows location. Modified from Hayes et al. (1994) . Table DR1 -Mannville Group DZ samples. For map view of sample locations, see Figure 1 in the published paper. Samples discussed in this paper are highlighted in green.
Results reported in the text are comprised of aggregate populations from multiple samples within the same stratigraphic unit, as defined below.
1. Cretaceous (Aptian) McMurray Formation ( Fig. 3a ):
• Firebag = XOM-AOS-4 and 5
• Muskeg = XOM-AOS-22, 23, 25 and 26
• Cold Lake = XOM-AOS-17 and 7 2. Cretaceous (Albian) Clearwater and Grand Rapids Formation ( Fig. 3b and d ):
• Cold Lake Clearwater = XOM- 14, 16, and 18 • Cold Lake Grand Rapids = XOM-AOS-20, 13 and 9
DZ Sample Locations and Stratigraphic Context -Gulf of Mexico Coastal Plain
DZ samples were collected from outcrops of the Cenomanian Tuscaloosa-Woodbine, PaleoceneEocene Wilcox, and Oligocene Catahoula-Frio depositional episodes across the northern Gulf of Mexico margin (see Galloway, 2008 for stratigraphic context). These outcrop belts represent the remnants of old alluvial-deltaic plains, analogous to the Pleistocene alluvial-deltaic plains that comprise the modern Gulf of Mexico Coastal Plain (Blum and Aslan, 2006) . Most samples were collected from fluvial sandstones that cut across marine shales, thus representing basinward extension of fluvial systems after regional marine flooding. Samples were collected every 50-100 km along the outcrop belt, so as to ensure sampling of major fluvial axes. Samples were also collected from modern sands in major rivers that contribute sediment to the northern GoM, so as to assess fidelity of this approach to reconstructing drainage areas that are independently known. Figure DR2 summarizes stratigraphy of the Gulf of Mexico basin, whereas Table DR2 and Figure DR3 summarize samples and locations from the Gulf of Mexico coastal plain. (Galloway et al., 2011 ).
1. Cretaceous (Cenomanian) Tuscaloosa-Woodbine (Fig. 4a ):
• Tuscaloosa = XOM-MDB-21, 22, 23,24, and 29
• Woodbine = XOM-MDB-49, 50, 52, 53,54, and 55 2. Paleocene Wilcox (Fig. 4b, c, d ; Fig. DR4 ):
• Paleo-Tennessee = XOM-MDB-19, 10, 13, and 26
• Paleo-Mississippi = XOM-MDB-27, 31, 43, and 44
• Paleo-Arkansas = XOM-MDB-46, 47, and 76
• Paleo-Brazos-Red = XOM-MDB-74, 72, and 71
• Paleo-Colorado = XOM-MDB-70, 69, and 67
• Paleo-Colorado-Guadalupe = XOM-MDB-65, and 64
• Paleo-Rio Grande/Rio Bravo = GM-Z2, Z3, Z8, Z4, Z5 (see Mackey et al., 2012) Figure DR4 -Long-lived (Cenozoic-scale) fluvial axes of the northern Gulf of Mexico coastal plain (after Galloway et al., 2011) .
Analytical methods at the Arizona LaserChron Center
Zircon crystals are extracted from samples by traditional methods of crushing and grinding, followed by separation with a Wilfley table, heavy liquids, and a Frantz magnetic separator. Samples are processed such that all zircons are retained in the final heavy mineral fraction. A large split of these grains (generally thousands of grains) is incorporated into a 1" epoxy mount together with fragments of our Sri Lanka standard zircon. The mounts are sanded down to a depth of ~20 microns, polished, imaged, and cleaned prior to isotopic analysis.
U-Pb geochronology of zircons is conducted by laser ablation multicollector inductively coupled plasma mass spectrometry (LA-MC-ICPMS) at the Arizona LaserChron Center (Gehrels et al., 2006 . The analyses involve ablation of zircon with a Photon Machines Analyte G2 excimer laser using a spot diameter of 30 microns. The ablated material is carried in helium into the plasma source of a Nu HR ICPMS, which is equipped with a flight tube of sufficient width that U, Th, and Pb isotopes are measured simultaneously. Common Pb correction is accomplished by using the Hg-corrected 204 Pb and assuming an initial Pb composition from Stacey and Kramers (1975) Pb/ 204 Pb are applied to these compositional values based on the variation in Pb isotopic composition in modern crystal rocks.
Inter-element fractionation of Pb/U is generally ~5%, whereas apparent fractionation of Pb isotopes is generally <0.2%. In-run analysis of fragments of a large zircon crystal (generally every fifth measurement) with known age of 563.5 ± 3.2 Ma (2-sigma error) is used to correct for this fractionation. The uncertainty resulting from the calibration correction is generally 1-2% (2-sigma) for both 206 The resulting interpreted ages are plotted on Pb*/U concordia diagrams and relative ageprobability diagrams using the routines in Isoplot (Ludwig, 2008) . The age-probability diagrams show each age and its uncertainty (for measurement error only) as a normal distribution, and sum all ages from a sample into a single curve. Composite age probability plots are made from an inhouse Excel program (see Analysis Tools for link) that normalizes each curve according to the number of constituent analyses, such that each curve contains the same area, and then stacks the probability curves. Analytical data are included in Table DR3 (separate file).
Notes to accompany data table:
Kyanite Abundance
In addition to analyses of detrital zircon ages, we observed relative concentrations of kyanite in heavy mineral separates. These observations were compiled because kyanite has been relatively rare in samples processed at the University of Arizona Laserchron Center, but is a distinctive heavy mineral tracer from high-grade metamorphic terrains, like those of the Appalachians in the southeastern US (e.g. Merschat, 2009) , and the Trans-Hudson in the western Canadian shield region (e.g. St-Onge et al., 2006) .
Our observations consist of relative abundances. 0 = no kyanite; 1 = 1-2 kyanite grains, a "typical" sample; 2-3 = small kyanite population, but present beyond "typical sample"; 4-5 = moderate kyanite presence; 6-7 = abundant kyanite; 8-10 = heavy mineral separates dominated by kyanite. Table DR4 summarizes kyanite abundance from the Alberta Oil Sands, whereas Table DR5 summarizes the same for Cenomanian and Paleocene samples of the Gulf of Mexico. 
Paleodrainage Interpretation from DZ Data
Zircon ages for North American source terrains are increasingly well-known (Fig DR5) , however, interpretation of DZ data is complicated by (a) the availability of zircons from specific time periods, so as to calculate depositional ages, (b) reworking of grains through numerous cycles of uplift, erosion, transport, deposition and burial, and exhumation, which plays a role in provenance interpretations, (c) rims and cores might yield different ages (inheritance), and (d) complications due to Pb loss. Generally, Mesozoic and younger deposits derived from the Appalachians have no source for zircons young enough to provide maximum depositional ages that are within 100 Myrs of true depositional ages. By contrast, Cretaceous and younger fluvial systems with source terrains in the western US have access to numerous sources for young zircons, such that maximum depositional age from DZs and true depositional age can converge. Nevertheless, because of the widespread dispersal of DZs from the Appalachian cordillera to the west, we recognize that Appalachian-Grenville signatures in samples from the Alberta Oil Sands are not in themselves diagnostic of a direct Appalachian source, and could be reworked from the Western Interior as argued for the foredeep farther west (Leier and Gehrels, 2011; Fuentes et al., 2011; Raines et al., 2013) . Instead, it is (a) the small numbers of zircons of Yavapai-Mazatzal and Cordilleran arc origin within lower Mannville strata that indicate minimal contributions from the south and southwest, and (b) the remarkable similarity between Alberta DZ populations and those of the GoM Cenomanian Woodbine outcrop trend that lead us towards a direct Appalachian-Ouachita and, more broadly, an eastern source. This latter relationship is best displayed using the K-S test, which tests for statistical similarity between DZ populations: in The reworking issue is also significant to the interpretation of GoM Paleocene Wilcox strata. For example, Cordilleran arc-derived zircons are common in Late Cretaceous strata of the Sevier foreland basin (Dickenson and Gehrels, 2008; May et al., 2013) , and their presence in Wilcox strata from the Mississippi embayement and farther west can be interpreted as a reworked signal. However, the lack of strong Grenville signals in west-derived Wilcox strata is significant: Grenville grains are ubiquitous in Mississippian through Jurassic rocks of the western US (Riggs et al., 1996; Gleason et al., 2007; Dickenson and Gehrels, 2008; Gehrels et al., 2011; Leier and Gehrels, 2011; Fuentes et al., 2011; Raines et al., 2013; May et al., 2013; Soreghan and Soreghan, 2013) , and would be abundant in Wilcox strata if they were derived from reworking of the Cordilleran foreland-basin succession. Indeed, Grenville signals are significant in our Wilcox samples from the Mississippi embayement and farther east, but not in samples farther to the west in Texas, nor are they significant in Wilcox DZ samples reported in Craddock et al. (2013) from the paleo-Red River axis in western Louisiana, or from DZ samples reported by Mackey et al. (2012) from the paleo-Rio Grande axis in southwest Texas: east-west changes in Wilcox DZ proportions are illustrated in Fig. DR6 . We argue that arcderived populations are not simply reworked from the foreland-basin fill, but include a primary component that indicates drainage areas within or proximal to the arc itself. 
